Welcome to this special issue of The International Journal for Robotics Research on the topic of deep learning in robotics.
The idea for this special issue was born during our workshop titled "Are the Skeptics Right? Limits and Potentials of Deep Learning in Robotics" at the Robotics: Science and Systems (RSS) conference in 2016. This workshop in turn was motivated by the rather skeptical attitude towards deep learning, expressed in many informal discussions we had during the coffee breaks and dinners at RSS 2015 in Rome. Our 2016 workshop and the very engaged panel discussion revealed however that there were hardly any skeptics left and the robotics community had accepted deep learning as a very powerful tool and begun to utilize and advance it. The 2016 workshop was met with a lot of interest by the community, making it the best attended workshop at the conference. We attracted fantastic invited speakers from academia and industry, as well as a great set of contributed papers that demonstrated how robotics can benefit from deep learning in a variety of areas from perception to action.
Fourteen papers were submitted by the submission deadline for our special issue on 31 October 2016. After a thorough review process that involved two rounds of revisions in some cases, seven papers were finally accepted into the special issue. Four of those accepted papers are extended versions of the short papers presented at the RSS workshop in 2016.
We start the special issue with an opinion and survey paper authored by the organizers and invited speakers of the 2016 RSS workshop. This paper, "The limits and potentials of deep learning for robotics", discusses a number of current challenges for deep learning that arise from the specific requirements of robotics applications. Our hope is that the community picks up the discussion around these challenges, and that we see more work dedicated towards solving them in the future. Our paper furthermore explains the need for better evaluation metrics, highlights the importance of transfer learning from simulation to reality, and explores the spectrum between data-driven and modeldriven approaches. It points out important directions for future research, and where valuable contributions can be made.
Our next two papers explore the use of deep learning in the context of robotic manipulation and grasping. Levine et al. describe an approach that learns eye-hand coordination for robotic grasping. Using only a monocular camera with unknown calibration, they were able to train a large convolutional neural network to predict the probability of a task-space motion of the gripper resulting in a successful grasp. By observing the spatial relation between the gripper and objects in the scene, the network learns eye-hand coordination. Large-scale experiments demonstrated that this approach can be used to servo the gripper in real time to achieve successful grasps.
The paper by Schwarz et al. is dedicated to robotic manipulation in clutter. The authors describe their approach of combining object detection and semantic segmentation, based on RGB-D data. One of the described experiments is conducted on a dataset captured for the Amazon Picking Challenge 2016. The authors conclude that detection and segmentation complement each other and can be combined beneficially.
Connor Schenk and Dieter Fox address the challenging problem of perceiving liquids in a scene. They present a convolutional network that detects and tracks liquids during a pouring sequence. The approach is demonstrated for an application involving a robot pouring a liquid into a container.
Oliveira et al. introduce three network architectures: PartNet is designed and trained to segment body parts despite occlusions. This is very useful in robotic search and rescue scenarios. The second architecture, Fast-Net, addresses the trade-off between performance and segmentation accuracy, and optimizes for runtime and memory footprint. M-Net proposes an approach to multiresolution fusion for semantic segmentation.
Dequaire et al. present their work for tracking static and dynamic objects, in scenarios such as autonomous driving in urban environments. They propose to replace the various hand-engineered stages commonly found in tracking approaches by an end-to-end learned method. Using raw laser as input, their method directly predicts an occupancy grid, and captures the state and evolution of the environment with a recurrent neural network. Experiments show the method tracking cars, buses, pedestrians, and cyclists from both a moving and a stationary sensing platform, without requiring an explicit data association step.
In the last paper of our special issue, Wang et al. investigate how recurrent neural networks can be trained to provide visual odometry estimates from a sequence
The International of monocular images. The network is trained end-to-end and provides uncertainty estimates along with the inferred poses.
Deep learning techniques have revolutionized many aspects of computer vision over the past five years and have been rapidly adopted into robotics as well. The year 2017 saw a surge of deep learning in robotics: workshops at CVPR and NIPS built bridges between the robotics, computer vision, and machine learning communities. Over 10% of the papers submitted to ICRA 2018 used Deep learning in robotics and automation as a keyword, making it the most frequent keyword. Furthermore, a whole new Conference on Robot Learning (CoRL) was initiated.
While much ongoing work in deep learning for robotics concentrates on either perception or acting, we hope to see more integrated approaches in the future: robots that learn to utilize their embodiment to reduce the uncertainty in perception, decision-making, and execution. Robots that learn complex multi-stage tasks, while incorporating prior model knowledge or heuristics, and exploiting a semantic understanding of their environment. Robots that learn to discover and exploit the rich semantic regularities and geometric structure of the world, to operate more robustly in realistic environments with open-set characteristics.
We are excited and encouraged by recent results and publications covering deep learning in robotics. We hope you enjoy this special issue and look forward to seeing further contributions in this fascinating research area.
